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ABSTRACT

PREV ALENCE OF TELEOLOGICAL AND LAMARCKIAN MISCONCEPTIONS
OF NATURAL SELECTION AMONG COLLEGE STUDENTS

Bryce Thomas Battisti
Department of Integrative Biology
Master of Science

Science teachers and researchers note that students must correctly understand the role
of natural selection in evolution to make sense of biology. The level of understanding of
natural selection can be assessed using the Conceptual Inventory ofNatural Selection (CINS)
which is a 20-item multiple-choice test that incorporates student misconceptions as
distractors. In the present study, Item Response Theory (IRT) was used to analyze the
occurrence of misconceptions on the CINS among 1192 students in an introductory nonmajors biology course. The four most difficult topics in the CINS are: (a) how change occurs
in a population; (b) origin of variation; (c) heritability of variation; and (d) the origin of
species. Students with an average level of understanding of natural selection favored
Teleological explanations for why organisms adapt to their environment, namely that
organisms change because they need or want to change. These same students favored the

Lamarckian explanation for how organisms adapt, namely by passing on acquired traits to
offspring. Presence of such misconceptions in students with an average understanding of
natural selection highIíghts the need for biology teachers to make an added effort to create
dissatisfaction with teleological and Lamarckian explanations in the minds of their students.
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Introduction
Evolution is the foundational theme in biology, and natural selection is the
mechanism of evolution that accounts for the unity and diversity of life (Curnmins &
Demastes, 1994; Ferrari & Chi, 1998). Natural selecti0n is the differential survival and
reproductive success of members of a natural population based on their suitability to
environmental conditions (Bishop & Anderson, 1986; Ferrari & Chi, 1998). College
students' understanding of natural selection is fraught with cornmonly held wrong ideas, or
misconceptions (Bishop & Anderson, 1990; Demastes, Settlage, & Good, 1995; Ferrari &
Chi, 1998; Settlage, 1994). Biology teachers and researchers have documented these
misconceptions in an attempt to help their students come to an accurate understanding of this
important concept (Aleixandre, 1994; Alters & Nelson, 2002; Bishop & Anderson, 1986;
Cummins & Demastes, 1994; Jensen & Finley, 1995; Moore et al. , 2002; Palmer, 1999;
Passmore & Stewart, 2002; Scharmann & Harty, 1986; Soderburg, 2003). Recently,
Anderson, Fisher and Norman constructed the multiple choice test the Conceptual Inventory
ofNatural Selection (CINS) and used it to quantify the pervasiveness of misconceptions of
natural selection among college biology non-majors (Anderson et al. 2002). The CINS was
designed to assess student understanding of eight topics in natural selection, one topic
regarding the origin of species, and one topic regarding the origin of variation. F or each of
the 10 topics, one scientifically accepted conception, and from one to three misconceptions,
were used to create the item options.
Anderson et al. (2002) field tested the CINS and analyzed the results for reliability,
validity, difficulty and discrimination. Each ofthe measures supported their assertion that
the CINS was an effective measure of college students ' understanding of natural selection.
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Analysis ofthe effectiveness ofthe misconceptions in the CINS was beyond the scope of
their study. However, the authors suggested this analysis be undertaken using Sadler's
(1998) approach to analyzing the results of a distractor-driven test in astronomy. This
approach uses visual representations of how popular each misconception was for examinees
who are at different levels of understanding of the subject matter. These results were
aggregated to crea te figures that ranked individual items on the test with the level of
understanding required to answer them correctly. This approach to the analysis of
misconceptions served as a model for the study reported here.
The present study involves an analysis of the results of the CINS through a graphic
display of the patterns in preference for misconceptions; it also allows the 10 concepts to be
ranked by difficulty. Misconceptions and topic rankings are plotted against the range ofhow
well examinees performed on the test. This pelmits a comparison of how much more
conceptual change it takes for students to move from misconception to correct conception in
sorne topics compared to others. Such knowledge may help course instructors better
anticipate the misconceptions that are most likely to slow student learning of evolution.

Background
Science Learning as Conceptual Change. Constructivism informs much of modem
learning theory and posits that conceptual change is fundamental to the learning process
(Driver & Oldham, 1986; National Research Council, 2000; Palmer, 1999). New concepts
are learned only by relating them to existing concepts and ideas (Posner, Strike, Hewson, &
Gertzog 1982). This process involves adding to what is already known, or restructuring what
is known in the light of more plausible evidence. Scientific knowledge itself can be seen as a
set of concepts, or theories, used as explanations for empirical phenomenon (Driver &
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Oldham, 1986; Hatton & Plouffe, 1997). The minds of students who enroll in science
elasses are not like blank disks waiting to download scientific knowledge; rather, they come
to elass full of concepts about the natural world (National Research Council, 2000). Sorne of
these concepts will not be the same as scientifically a<.;cepted concepts. Science teaching
then becomes a pro ces s of elucidating students' current conceptions, facilitating the
elarification of incomplete ideas, and then restructuring misconceptions toward more
scientifically accurate conceptions (Driver & Oldham, 1986; Posner et al., 1982). Usually
this does not involve a steady progression from misconception to correct conception, but is a
non-linear process that may inelude reversals of preference for ideas of varying scientific
accuracy (Posner et al., 1982).

Measuring Conceptual Change. Early work by Piaget employed interviewing as a
technique to identify correet views and misconceptions (Driver & Oldham, 1986). The value
of interviewing lies in its interactive format (Johnson & Christensen, 2000; Novak, Mintzes,
& Wandersee, 2000; Sadler, 2000). The interviewer can ask follow-up questions to get

further elarification from students who may not have a elear idea of their own conceptions.
Concerns with interviewing are the time and labor required, and the necessity of using highly
trained interviewers to obtain valid and reliable results. Hence, it is rarely cost effective to
question large or di verse groups of students to obtain generalizable results. Essay questions
are much less time and labor intensive to administer, but, like interviews, are subjeetively
scored (Linn & Gronlund, ?OOO; Novak et al., 2000).
Objectively seored, seleeted response assessments (in this ease multiple-choice tests)
provide reliable results and are easy to administer and score even with very large groups of
students. Student interviews can be used to deliniate common misconceptions, which are
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then used as distractors for items in multiple-choice tests (D. L. Anderson et al., 2002;
Sadler, 1998, 2000), as first recommended by Tamir (1971). Analysis of multiple-choice
tests is usually performed using well known Classical Test Theory (CTT) statistical methods
and readily available software. The limitations inherent in CTT include the inability to
generalize test results to other groups who take the same test or the same group that takes a
different version of the test (Yen, 1992). To overcome these limitations sorne researchers
have turned to Item Response Theory (IRT) (McKinley, 1989; Sadler, 1998; van der Linden
& Hambleton, 1997).

Item Response Theory characterizes response patterns on tests that measure
understanding of scientific principIes (Baker, 1985; Henard, 2000; Wang, Bradlow, &
Wainer, 2002; Yen, 1992). IRT provides an estimate ofan examinee's ability to answer an
item correctly based on the difficulty of the item and the examinee' s pattern of responses to
each of the other items in the test (McKinley, 1989; van der Linden & Hambleton, 1997).
Each examinee's ability is estimated through an iterative process that maximizes the
accuracy of an original calculation (du Toit, 2003; Embretson & Reise, 2000). Examinees'
performance on each item is plotted on a graph against the spectrum of abilities of the
population of examinees. In this study the ability estimated was the students' level of
understanding ofthe theory ofnatural selection. Hereafter, the term 'level ofunderstanding'
will be used in place ofthe term 'ability'.
These graphs, called item characteristic curves (ICC's), display a trace line for each
ofthe four options in each ofthe 20 items (refer to figure 3 for two examples ofICC's).
Additionally, there is a trace line called "Don't know, guessing estimate" (DK) for each item
(Sadler, 1998). Because this DK category is not included as one of the options in the test
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items, students must choose among the available options of varying degrees of scientific
accuracy. Hence, sorne will choose a distractor or correct option intentionally (because they
think it is correct) and sorne will simply guess. This line is generated by the model to show
the likelihood that students at any particular level of understanding guessed, rather than
purposefully chose, their answer (Thissen & Steinberg, 1984).
The horizontal axis represents varying levels of understanding of natural selection
and is symbolized by the Greek letter theta (8). The 8 scale applies to all iterns of the test.
The difficulty of each itern is equivalent to the value given for the level of understanding at
th

the 50 percentile (Embretson & Reise, 2000). In IRT models both average understanding
and average difficulty are standardized to zero on the x-axis. Negative nurnbers represent
below average understanding and difficulty and positive numbers represent aboye average
understanding and difficulty. In this study a standard linear transforrnation (multiply by 10
and add 50) was used to aid the reader in interpreting the meaning of various levels of
understanding. The typical range ofx-axis values from -3 to 3 becomes a range from 20 to
80, though in theory the scale extends frorn positive to negative infinity. In this way
potentially confusing negative values are avoided and the average level of understanding and
average di ffi cult y become 50.
ICCs show that the probability for choosing the correct answer to any particular itern
typically increases with level of understanding. Conversely, the probability of choosing any
distractor, or wrong answer, typically decreases with level ofunderstanding (van der Linden
& Hambleton, 1997; Yen, 1992). There are four general patterns that trace lines can follow

in the ICCs generated by the rnodel used for this study. First, is the rnonotonically increasing
function - meaning that probability of endorsing an option always increases with increased
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understanding (figure 1, panel A). This pattem is typical for the correct option since the
greater a student's understanding ofthe subject matter is the more likely he or she wiU
choose the right answer.
The second pattem is the converse ofthe first: a monotonically decreasing function meaning that the probability of endorsing an option decreases with increased understanding
(figure 1, panel B). This pattem is typical of many distractors and the DK line since the
higher the level of understanding students have about natural selection, the less likely they
are to choose any of the misconceptions or to guess at the answer to the item. The third
pattem is a hump which indicates the probability of endorsing an option first rises and then
falls with increased understanding (figure 1, panel C). This sometimes occurs for distractors
that are common misconceptions among students with an average level of understanding.
The fourth pattern involves a dip in an otherwise monotonicalIy increasing function (figure 1,
panel D), and appears most ofien on items for which the trace lines for one or more of the
distractors shows a hump pattem. Sadler explains the occurrence of the third and fourth trace
line pattems in terms of students "taking conceptual detours" as they progress toward
scientifically accepted conceptions (Sadler, 1998, p. 265). These detours are good evidence
of the misconceptions that are the most difficult to dispel.
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Figure 3. Four typical pattems for Item Characteristic Curves.
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function of examinees' level of understanding of natural selection. The four patterns are: A.
monotonically increasing function, B. monotonically decreasing function, C. hump-shaped
function , D. dip-shaped function. The low, average and high levels ofunderstanding were
created for ease of discussing results. Cut-off points between these categories are arbitrary.
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Conceptual Change in Evolution. Such misconceptions must be found and addressed for
students to increase their level of understanding of evolution, and hence, modem biology
(Bishop & Anderson, 1990; Dobzhansky, 1973). The following from Ferrari and Chi (1998)
is a simple and elegant surnmary of the logic of Darwin' s theory of natural selection:
If individual members of the species vary among themselves and many offspring
must die (unable to survive in nature's limited ecology) then, on average, survivors
will tend to be those individual s whose variations happen to be best suited to
changing local environments. (Given heredity, survivors' offspring will tend to
resemble their successful parents; the accumulation of many favorable variants over
time will produce evolutionary change) (p. 1232).
Yet student misconceptions of these principIes appear to be very cornmon, follow regular
patterns, and are resistant to change (Ferrari & Chi, 1998). Following are the most cornmon
misconceptions, adapted from Ander on et al. (2002), Ferrari & Chi (1998), and Settlage
(1994):
l. Need. Living things have a strategy of actively developing new traits because they
need them to survive in new environmental conditions. This is the teleological
explanation.
2. Use and disuse. Species change over many generations because their population
members do or do not use particular organs or abilities. This is the Lamarckian
explanation.
3. Many students understood members of a species to be genetically different enough
from one another that sorne had a selective advantage, but seemed to have no
conception where this variation carne from. This is the variation explanation.
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4. Lastly, many students understood the changes in the prevalence of certain traits in a
population over many generations to be due to changes in the trait itself in members
of that population rather than changes in the proportion of individuals in the
population possessing a particular trait. This is the individual/population
explanation.
The first time most students are formally introduced to these concepts of natural
selection is in high school biology courses (Demastes, Good, & Peebles, 1996; Settlage,
1994) Still, they struggle with these concepts in their college biology courses (Anderson et
al., 2002; Bishop & Anderson, 1986; Greene, 1990; Moore et al., 2002). Brumby (1984)
found that significant misconceptions were retained after instruction among medical students.
Alters and Nelson (2002) saw little difference in understanding of natural selection between
majors and non-majors - even when the majors received more comprehensive instruction in
evolution.
Settlage (1994) administered essay questions developed by Bishop and Anderson
(1986) to 200 high school students and elosely examined 50 ofthe responses. He found the
two most common misconceptions for the mechanism of natural selection were teleological,
followed by Lamarckian. Variation and individual/population explanations became more
common misconceptions on Settlage's posttest. As noted aboye, analysis of essay responses
is effective for elucidating the best explanations students have to questions posed. The CINS
can be administered, scored, and analyzed efficiently because it is a multiple-choice test. It
also provides rich and informative responses because it was constructed from interview data
and ineludes cornmon misconceptions as distractors. An effective way to analyze patterns in
misconceptions in responses to the CINS is through IRT (Sadler, 1998).
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Objectives
The purpose of this study was to construct a sequential model describing the
conceptual journey students take when learning natural selection. This was accomplished vía
the following three steps:
l. Identification of the concept favored on each item, and hence each topic, across all
levels of understanding. Anderson et al. (2002) provided no analysis of the
performance ofthe distractors in the CINS.
2. Ranking the ten CINS topics by difficulty on a single scale in relation to the level of
examinee knowledge of natural selection.
3. U sing this single scale to "construct a sequentíal model for how students come to
understand [natural selection]" (Sadler, 1998, p. 275). This scale is a cross-sectional
approximation of concept change in natural selection over time, and focus' on the
major misconceptions of evolution found by Settlage (1994) and others.
Methodology

Data Collection
Subjects. A total of 1192 pretest and posttest responses, paired by examinee were
collected from a class of more than 1500 students enrolled in an introductory college bíology
course during Fall Semester, 2003. Biology 100, a required course for non-majors, can be
taken by students any time during their undergraduate coursework. This results in students at
all stages of their degree-seeking instruction enrolling in Biology 100. Of the respondents,
47% were freshmen, 33% sophomores, 12% juniors, and 7% seniors. All students were
given the option to take the test for extra credit. Students had to complete both the pre- and
posttests in their entirety to get the extra credit points. Many students did not complete both
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the pre- and posttests. Of the 1201 students who completed both tests, nine opted not to have
their responses used in the study. Those students ' responses were excluded, leaving 1192
test responses to be analyzed.

Instrument. The Conceptual Inventory ofNatural Selection (CINS) is a 20-item,
distractor driven, multiple choice test specifically developed for use with college biology
non-majors (Anderson et al., 2002). The test is organized into three parts, each of which has
its own cornmon set of data the students must read and understand to answer the items in that
part (figure 2). Each ofthe three data sets was specially chosen by the test designers to
represent "actual evolutionary events being studied by scientists" (Anderson et al., 2002, p.
952). Each of the 10 topics assessed by the CINS was included in Biology 100 lectures and
text reading assignments (St. Clair & Cates, 2002).

Procedures. The CINS was offered to Biology 100 students as extra credit twice
during the course ofthe Fall Semester, 2003. The pretest was offered as an addendum to the
first class exam of the semester, and the posttest was offered with the last class exam of the
semester. A cover sheet was attached informing students that extra credit points would only
be awarded if they completed both the pretest and the posttest. They were al so asked how
many biology classes they had completed previous to this one, their year in college and their
gender.

Choice of Model and Software
The Model. Choice ofIRT model to be used in this study was dictated by the
researchers ' purposes and the data to be analyzed (Embretson & Reise, 2000; van der Linden
& Hambleton, 1997). Bock (1972) published a model appropriate for multiple choice tests in

which the options are not ordered hierarchically. Bock' s model required that those of lowest
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ability favored one incorrect option to the exclusion of all others (Thissen & Steinberg,
1984). This is unrealistic for the CINS distractors since they are all supposed to be attractive
to those in the lower ability range. Later, Samejima (1979) introduced a guessing, or "DOn't
Know" estimate which took into account that many students who do not know the correct
answer guess among the available options. The idea is that sorne students choose their
answer intentionally and sorne guess. Samejima's model assumed that all distractors were
equally attractive to students of low ability and that students would be equally likely to guess
any ofthe provided distractors. Thissen developed a model that built on the work ofboth
Bock and Samejima, and called it the BS model. Thissen's BS model was chosen for this
analysis because it takes into account that sorne distractors might be more attractive than
others as they represent more cornmon misconceptions. Also, it allows distractors to increase
in popularity with increases in level of understanding and then fall in popularity as the
correct response becomes obvious fo r those with sufficient understanding ofthe subject
matter (see figure 3, panel C) (Thissen & Steinberg, 1984; Thissen, Steinberg, & Fitzpatrick,
1989).
Sadler (1998) sought to approximate the conceptual changes individual students
might experience over the entire time they attended high school and college by administering
a test to students in aH years of high school and college. The cross sectional approach is
considered to be a valid estimation of what might be found in more time and labor intensive
longitudinal studies because IRT allows estimation of item and person parameters that are
independent of one another. Topics, and concepts within topics, can be ordered by the ability
level required to be more likely to choose the correct answer than any of the distractors.
Once concepts are mapped "to a single progressive knowledge scale" (Sadler, 1998, p. 270),
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teachers can tailor curricula to address their students' misconceptions. Further, the
introduction of new topics can be adjusted to target what the average student will be able to
understand. The present study may be an answer to Sadler' s literary request for his approach
to be applied to conceptual change measurement in the biological sciences.

Meeting IRT Assumptions. Predictions made by IRT models are most accurate when
the test measures only one main concept (unidimensionality) and the items within the test
each measure a unique aspect ofthat concept (Local Item Independence - LID) (Embretson
& Reise, 2000; Henard, 2000; McKinley, 1989; Yen, 1992). These two assumptions are
related since a data set can be considered unidimensional when the items can be shown to be
independent of one another (Embretson & Reise, 2000). A Q2 analysis was carried out on
the CINS results to assess the degree of LID and hence the degree of multidimensionality
(Yen, 1993). Results of this analysis are presented in the discussion section.

Data Analysis. Student responses to the CINS were imported into an IRT statistical
program called Multilog 7.0. Multilog was used to estimate all item parameters in this study.
These parameters were then exported to Microsoft Excel ® to plot the Item Characteristic
Curves (Figures 3-13), the cognitive range graph (Figure 14), and the Test Characteristic
Curves (Figures 15-17). The cognitive range graph is a method of sununarizing all ICC's on
one page, ranked by difficulty. The more difficult a item, the greater the level of
understanding required to answer the item correctIy.
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Results

ltem Ana/ysis
Item Characteristic Curves are graphical representations of response patterns for a
group of examinees. Figures 3 through 13 help the reader visualize how the various
distractors perform as a function of student understanding of natural selection. Additionally,
they indicate how difficult the items and topics are in relation to each other. The test is
divided into three context-dependent item-sets. Figure 2 shows the three displays on one
page. Each test item makes sorne reference to one of these displays. Actual test items are
displayed aboye their corresponding Item Characteristic Curves (figures 3-12). The legend
below each plot set lists the multiple choice answers available to examinees with their letter
choice from the testing instrument in parentheses. The top option is the correct answer,
plotted as a thick black lineo The following three options are the misconceptions, and the
final option is the "don't know, guessing estimate" generated by the model. Each figure is
composed oftwo items, and hence two ICC's, for each topic ofnatural selection covered by
the CINS.
On the page following each figure is a description comparing and contrasting the two
items. Each description begins with a short explanation ofthe concept being measured
followed by an explanation of how the various distractors perform at different ability levels.
Finally the topic is ranked relative to the other nine topics in the CINS and item difficulty
and discrimination values are provided.
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Conceptuallnventory of Natural Selection
Your answers to these questions will assess your understanding of the Theory ofNatural Selection. Please choose the
answer that best reflects how a biologist would think about each question.

Galapagos finches

Scientists have long believed that the 14 species of finches on the Galapagos Islands evolved from a single species of
finch th at migrated to the islands one to five million years ago (Lack, 1940). Recent DNA analyses support the conclusion that all of the Galapagos finches evolved from the warb ler finch (Grant, Grant & Petren, 2001; Petren, Grant &
Grant, 1999). Different species live on different islands. For example, the medium ground finch and the cactus finch
live on one island. The large cactus finch occupies another island. One ofthe major changes in the finches is in their
beak sizes and shapes as shown in this figure .
Venezuela n guppies

Guppies are small fish found in streams in Venezuela. Male guppies are brightly colored, with black, red, blue and
iridescent (reflective) spots. Males cannot be too brightly colored or they will be seen and consumed by predators, but
if they are too plain, females will choose other males. Natural se lection and sexual selection push in oppos ite direction s. When a guppy population lives in a stream in the absence of predators, the proportion of males that are bright
and fl ashy in creases in the population. If a few aggressive predators are added to the same stream, the proportion of
bri ght-col ored males decreases within about five months (3-4 generations). The effects of predators on guppy coloration have been studied in artificial ponds with mi Id, aggressive, and no predators, and by simi lar manipulations of
natural stream environments (End ler, 1980).
Canary Island Lizards

The Canary Islands are seven islands just west of the African continent. The islands gradually became colonized with
life: plants, li zards, birds, etc. Three different species oflizards found on the islands are simi lar to one species found
on th e African continent (Thorpe & Brown, 1989). Because ofthis, scientists assume that the lizards traveled from
Africa to the Canary Islands by floating on tree trunks washed out to sea.
Choose the one answer that best reflects how an evolutionary biologist would answer.

FIgure . T e ISp ays or t e t ee context- epen ent Item sets contame m t e
Note: !tems 1-8 refer to Galapagos finches, 9-13 Venezuelan guppjes, and 14-20 Canary
Island Lizards. Also, notice the repeated directive to answer the questions as an
evolutionary biologist would answer them.
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3. Once a population of finches has lived on a particular island with an unvarying
environment for many years,
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- - the population remains rela tive ly stable, with sorne fluetuations (b).
--- 0 ---

the population eontinues to grow rapidly (a).

-- 6 --

the population will deerease steadily (d).

-- -E}- --

the population dra matieally inereases and deereases eaeh year (e).

--Don't know, guess rng estimate

12. Once a population of guppies has been established for a number of years in a real
(not ideal) pond with other organisms including predators, what willlikely happen to the
population?
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--The guppy population will stay about the same size (a).
-- e ---

The guppy population will eontinue to grow rapidly in size (b).

-- ' 6 ---

The guppy population will gradually deerease until no more guppies are left (e).

---El

-- lt is impossible to tell beeause populati ons do not follow patterns (d).

--Don't know, guessing estimate

Figure 3. Population stability. Item Option Characteristic Curves for items 3 and 12.
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ltems 3 and 12: Population Stability. Apart from seasonal fluctuations, most
populations reach equilibrium with their environment and so remain stable in size.
For both ofthese items, the DK curve indicates that although all examinees with a
low level ofunderstanding (i.e. between 20 and 40 on the x-axis) most likely guessed when
selecting an answer, they preferred different distractors in the two items. On ítem 3 the
distractors were equally attractive to those who guessed on the item. On item 12 the
distractor that the 'population will continue to grow rapidly in size' was clearly most popular
for students with a level of understanding lower than 30. Perhaps this distractor was more
attractive in item 12 because students realize that guppy populations increase in size more
rapidly than finch populations.
The curves for the correct option in items 3 and 12 are very similar in terms of both
shape and location. Both items are relatively easy as indicated by the fact that students with
a level of understanding greater than or equal to 40 have a relatively high probability of
answering these items correctly. Item 3 is more discriminating than item 12 but the two
items are similar in their discrimination power. The overall similarity of the two graphs
provides evidence that both the items measure the same concept, as the test authors intended.
Since the IRT di fficulty level for each item equals the ability level at which there is a
0.5 probability of choosing the correct answer, item 3 had a difficulty of 35 and item 12 had a
difficulty of37.5. The curve for the correct option on both ofthese items nears its upper
asymptote at the average level of understanding. The items are most discriminating between
the 30 and 40 levels of understanding where the curves for the correct options are the
steepest.
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1. What would happen if a breeding pair of finches was placed on an island under ideal
conditions with no predators and unlimited food so that all individuals survived? Given
enough time
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--the fmeh popuJation wouJd inerease dramatieally (e).
---0 ---

the fmeh popuJation wouJd grow sJowJy and then JeveJ off (d).

- - -6 - - -

the fineh popuJation wouJd double and then stay reJativeJy stabJe (b) .

the fineh popuJation wouJd stay small beeause birds onJy have enough babies to repJaee
themseJves (a).
--Don't know, guessing estimate
---E]-_.

11. Assuming ideal conditions with abundant food and space and no predators, what would
happen if a mating pair of guppies was placed in a large pond?
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The guppy popuJation wouJd grow sJowly at first, then wouJd grow rapidJy, and thousands
of guppies would fill the pond (b).
The guppy popuJation wouJd eontinue to grow sJowJy over time (d).

The guppy popuJation wouJd never beeome very Jarge, beca use only organisms sueh as
inseets and bacteria reproduce in that manner (e).
---E] - - The guppy popuJatíon wouJd grow sJowJy, as guppies wouJd have onJy the number of
babies that are needed to replenish the popuJation (a).
--Don't know, guessing estimate
---6 ---

Figure 4. Biotic potential. Item Option Characteristic Curves for items 1 and 11.
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Items 1 and 11: Biotic Potential. In the absence of limiting factors , natural
populations would grow at an exponential rate because nearly all individual s born would go
on to produce offspring themselves.
The ICC's for the correct option in these two items are quite similar, but the "Don't
know, guessing estimate" option was more typical of low ability students on item 1 than on
item 11. In item 1, students of the lowest ability preferred the explanation that populations
doubl e in size and then level off (option b), so much so that the model estimates that almost
everyone who guessed on this item chose this distractor. This distractor wasn't included as
an option for item 11. There is no apparent reason why this distractor was much more
popular than option d which says that populations grow slowly before leveling off (though
option d did show a sma11 peak in popularity in the 35 to 40 level ofunderstanding range).
P erhaps students with a low level ofunderstanding were thinking ofthe principIe of
popul ation doubling times that lead to exponential growth. In item 11 those who guessed
seemed to find the correct answer and a11 three of the distractors were equa11y appealing. In
both item s students with a level ofunderstanding greater than 30 favored the correct answer.
This indicates that students with low understanding of natural selection understood the
concept that if a11 individual s bom in each generation reproduce successfu11y, there wi11 be
exponential growth.
This topic is the second easiest ofthe ten topics in the CINS. Item 1 was less difficult
than item 11. The steepest part of the curve for the correct option in each of the two items is
between -2 and -1. This is the range of abilities for which these items best distinguish
between those who understand this topic and those who do not.
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2. Finches on the Galapagos Islands require food to eat and water to drink.
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When food and water are searee, sorne birds rnay be unable to obtain what they need to
survive (a).
---0- -- When food and water are limited, the finehes will find other food sourees, so there is
always enough (b).
I '--~--- When food and water are scaree, the fmehes all eat and drink less so that all birds survive

I

(e) .

ihere is always enough food and water on the Galapagos Islands to meet the tinehes'
needs (d).
--Don't know, guessing estimate
. --e- --

14. Lizards eat a variety of insects and plants. Which statement describes the availability
of food for lizards on the Canary Jslands?
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lt is likely that sometimes there is enough food, but at other times there is not enough food

---~---

for all ofthe lizards (d).
Since lizards can eat a variety offoods, there is likely to be enough for all ofthe lizards at
all times (b).
Lizards can get by on very little food , so the food supp ly does not matter (e).

---e- --

Finding food is not a problem since food is always in abundant suppy (a).

'--0- '-

- - Don't know, guessing estimate

Figure 5. Natural resources. Item Option Characteristic Curves for items 2 and 14.
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Items 2 and 14: Natural Resources. At any given time a population of organisms
only has access to a limited supply of resources such as nutrients, water, and space.
The ICC's for these two options exhibit different pattems indicating that
understanding of this concept depends greatly on the question asked and the options
provided. Students of lowest level of understanding were likely to choose option (b) in item
2 - that the finches would ration and share available food when it was in short supply. This is
evidenced by low likelihood that these students were guessing as indicated by the shape of
the DK curve at low ability levels. Students of a level ofunderstanding of 20 had an 80%
probability of choosing option b, with less than 20% likelihood that they were guessing.
There was no such distractor in item 14 and those of low ability chose equally among the
available distractors and the correct option. On both items 2 and 14, the trace line for option
b has a hump shape indicating it rises in popularity with increase in ability before eventuall y
becoming unpopular as the correct option becomes clear. This option may appeal to
students ' anthropomorphic understanding of organisms and their food sources since humans
are more able to switch food sources than most other organisms.
According to the test-makers, distractors were written to address one misconception:
organism s can always obtain what they need to survive. With the items and options being
similar to each other it is difficult to explain why the ICC ' s are so different. Item 2 has a
difficulty of 32.5 and item 14 has substantially higher difficulty of 42.5. The relatively flatter
trace lines for the correct option indicate that neither of these items were very discriminating
compared to the items examined in figures 3 and 4. Overall this topic ranks as the third
easiest on the test.
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5. Depending on their beak size and shape, sorne finches get nectar frorn flowers, sorne eat
grubs frorn bark, sorne eat small seeds, and sorne eat large nuts. Which staternent best
describes the interactions arnong the finches and the food supply?
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- - Finches compete primarily with closely related finches that eat the same kinds of food,
and some may die from lack of food (d) .
. · 0 ·· There is more than enough food to meet all the fmches' needs so they don't need to
compete for food (c) .
. . ." ... Many of the rmches on an isl a nd fight with one another and the physicalIy strongest ones
win (b).
···e · · · Most of the finches on an island cooperate to find food and share what they find (a).
--Don't know, guessing estimate

15. What do you think happens among the lizards of a certain species when the food
supply is lirnited?
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The lizards that are least successful in the competition for food are likely to die of
starvation and malnutrition (d).
0 --- Genetic changes that would allow the lizards to eat new food sources are likely to be
induced (c).
---,,--- The lizards fight for the available food and the strongest lizards kili the weaker ones (b).
--- El- --

Finding food is not a problem since food is always in abundant supp ly (a).

--Don't know, guessing estimate

Figure 6. Lirnited survival. Itern Option Characteristic Curves for iterns 5 and 15.
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Items 5 and 15: Limited Survival. A high rate of population growth means more
individuals are added annually to populations than their environment can support. This
creates competition for available resources among members of the population which results
in only a fraction surviving to reproductive age.
On both items, guessing prevailed, and was almost equally spread among available
options among students with abilities lower than 35. Options b and e were more popular than
the correct option on item 15 for students with a level of understanding less than 38. In
contrast, only option a is more popular than the correct option for students with a low level of
understanding on item 5. For sorne reason the misconceptions represented by options b and e
are more likely to be chosen by students of average to low understanding on item 15 than
students with very low understanding. The physical fighting option in item 15 specifies that
lizards are killing each other while competing for food, while the same option in item 5 notes
only that the strongest win. This may be the reason the physical fighting option was more
popular among students of ability lower than 40 in item 15 than in item 5. Of the two
misconceptions embedded in these items physical fighting is a little more popular than
cooperation as an explanation for how organisms handle food shortages.
Both items were of moderate difficulty with relation to the rest of the items and both
discriminated best between examinees of ability levels between -1 and O. Item 15 was
slightly more difficult and discriminating that item 5.

23

16. A well-established population of lizards is made up of hundreds of individuallizards.
On an island, alllizards in a lizard population are likely to ...
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be similar, yet have sorne significant differences in their internal and external features
. . . 0- ..

f,'2i:he same on the inside but display differences in their external features (b) .

••• /j.-_.

be indistinguishable, since there is a lot of interbreeding in isolated populations (a).

---E}- ••

be the same on the outside but display differences in their internal features (d).

--Don't know, guessing estimate

9. A typical natural population of guppies consists of hundreds of guppies. Which
statement best describes the guppies of a single species in an isolated population?
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The guppies share many essential characteristies, but also vary in many features (d) .

_ •• /j.---

The guppies share all of the essential eharaeteristies of the speeies; the minor variations
they display don't affeet survival (b).
The guppies are all identieal on the inside, but have many differenees in appearanee (e).

_ •• E}- --

The guppies share all the same eharaeteristies and are identical to eaehother (a).

. - -0 ···

- - Don't know, guessing estimate

Figure 7. Variation within a Population. Item Option Characteristic Curves for items 16 and
9.
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Items 16 and 9: Variation within a Population. There is genetic, physical and
behavioral variation among members of populations.
Those students of lowest ability were more likely to guess anything but the correct
option on item 16. In both items option b is the most popular distractor for those with a level
ofunderstanding greater than 35. Its popularity in this range ofunderstanding may explain
why even those of highest ability have no more than an 80% probability of choosing the
correct option to either of these items.
The patterns ofthe ICC's in the graphs for items 16 and 9 are dissimilar. ltem 16 is
easier but more discriminating than item 9. Perhaps the most notable aspect for item 9 is the
curve for option b. This option becomes more attractive as students' overall understanding
of natural selection increases, and is either the most popular or the second most popular
option for students with a level of understanding of 34 or more.
The non-scientific terminology used by the test writers may have come at the cost of
sorne desired specificity in the options. For example, it may have been difficult for the
students to distinguish between the options '[The organisms] are aH identical on the inside,
but have many differences in appearance', and '[The organisms] share many essential
characteristics, but also vary in many fe ature s , . ltem 16 may be more discriminating simply
because its correct option is more specific, '[The organisrns are] similar, yet have sorne
significant differences in their internal and external features ' . Replacernent with the scientific
terms phenotype and genotype for internal and external differences respectively, may
increase the difficulty and discrimination of these items. As it stand s, this topic is of average
diffi culty.
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10. Fitness is a term ofien used by biologists to explain the evolutionary success of certain
organisms. Which feature would a biologist consider to be most important in determining
which guppies were the "most fiC?
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- - h i g h number of offspring that survived to reproductive age (c) .
. -· 0

..

high number of matings with many different fema les (d).

- -·6 ---

exceIlent ability to compete for food (b) .

•• - 8- - -

large body size and ability to swim quickly away from predators (a).

--Don't know, guessing estimate

18. Fitness is a term ofien used by biologists to explain the evolutionary success of certain
organisms. Below are descriptions of four fictional female lizards. Which lizard
might a biologist consider to be the "most fit"?
Body length
Offspring surviving
lo adulthood
Age at death
Comments

Lizard A
20 cm

Lizard B
12 cm

Lizard C
10 cm

Lizard D
15 cm

19
4 years
Lizard A is very heallhy,
strong, and clever

28
5 years
Lizard B has mated
with many lizards

22
4 years
Lizard C is dark-colored
and very quick

26
6 years
Lizard D has the
largest territory
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- - L izard B (b).
---6 --· Lizard A (a).
--Don't know, guessing estimate
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Lizard D (d).
Lizard e (e).

Figure 8. Differential survival. Item Option Characteristic Curves for items 10 and 18.
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Items 10 and 18: Differential Survival. The test writers' definition for the seientifie
eoneept eovered by these two items is:
Survival in the struggle for existenee is not random, but depends in part on the
hereditary eonstitution of the surviving individuals. Those individuals whose
surviving ehnraeteristies fit them best to their environment are likely to leave
more offspring than less fit individuals.(Anderson et al., 2002, p. 960)
This particular set of items though is more eoneemed with the biologieal definition of
"fitness" than it is about the reasons for differential survival. Perhaps these students would
have performed better on this topie overall had they been provided with a clearer definition
of what the test writers meant by "fitness".
Clearly few students favored speed, size, intelligenee, or number of mates as
indieators of evolutionary fitness in either of these items. In faet, the eorreet option
dominates at most ability levels, exeept in item 18. The non-monotonie trace line for the
eorreet option in item 18 is unusual. Students of even the lowest ability were most likely to
ehoose the eorreet option, as were students with an ability of greater than 50. But between
the ability levels of 35 and 50 students favored the option that the strongest, longest living
lizard was the most fit, rather than those with the most offspring surviving to maturity.
Strength and longevity were not provided together as one of the distraetors in ítem 10. This
is the most popular miseoneeption for this topie.
The patterns in trace lines are identieal for these two items exeept for distraetor d in
item 18. Item 10 is easier but more diseriminating that item 18. Together these items show
moderate levels of diffieulty and diserimination and the topie itself ranks fifth in diffieulty
among all topies in the test.
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8. What caused populations ofbirds having different beak shapes and sizes to become
distinct species distributed on the various islands?
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The finehes were quite variable, and those whose features were best suited to the available I
food supply on each island reprodueed most sueeessfully (a)_
I
---Q- - - Different tood are available on different islands and for thaf reason, individual finehes on
eaeh island gradually developed the beaks they needed (e)_
---1>,--- Different lines offinehes deve loped different beak types beeause they needed them in
order to obtain the available food (d)_
---E1--- AIl finehes are essentialIy alike and there are not really fourteen different speeies (b)_
- - Don't know, guessing estimate

20. What could cause one species to change into three species over time?
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Groups of lizards must have been geographieaI ly isolated from other groups and random
genetie ehanges must have aeeumulated in these lizard populations over time (b)_
---Q-- - In order to survive, different groups of li zards needed to aaapt to the different islands,
and so all organisms in eaeh group gradually evolved to beeome a new lizard speeies (d)_
- - - 1>,- -- Groups of li zards eneountered different island environments so the l izards needed to
become new speeies with different traits in order to survive (a)_
---E1--- There may be minor variations, but alllizards are essentially alike and all are members of
a single speeies (e)_
--Don't know, guessing estimate

Figure 9. Origin of species. Item Option Characteristic Curves for items 8 and 20.
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Items 8 and 20: Origin ofSpecies. Populations of a single species can differentiate so

much over time if isolated from each other that they can eventually become distinct species.
Students of lowest understanding have a very high probability of choosing the option
that designates similar organisms as the same species. This persists up to an understanding
level of 30 and is a cornmon creationist explanation for the origin of species - namely that
there are few species and many varieties (Dobzhansky, 1973; Miller, 1999). Since no
definition for a species is given in the CINS it is possible that sorne students understood
differences between finch species to be no greater than the differences between breeds of
dog, which all belong to the same species.
The next most popular misconceptions are that individual s change (evolve) because
they "need" to become new species, followed by whole populations changing (evolving)
because they "need" to become new species. These are teleological explanation for why
there is such a diversity of organisms. Those with high levels of understanding of natural
selection have almost 100% likelihood of choosing the correct option for these items,
indicating that the correct answer was clear to those who understood how natural selection
works.
What is striking is how distinctive from the rest of the test, and how similar to each
other, these two items are. This similarly provides evidence that both of these items measure
knowledge ofthe same topic in the same way. This is the fourth most difficult topic on the
test, and both items are most discriminating in the 50 to 60 understanding range.
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7. What type of variation in finches is passed to the offspring?
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- - All characteristics that were genetically determined (c).
Any characteristics that were positively influenced by the environment during the fmch's
lifetime (d) .
. --,,_.. Only characterisitics that were beneficial during a fmch's lifetirne (b).

·-·0 ·-·

1._.8 .. - Any behaviors that were learned during a rmch's lifetirne (a).
--Don't know, guessing estimate

17. Which statement best describes how traits in lizards will be inherited by offspring?
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- - When a parent lizard is born with an extra finger on its claws, its offspring can inherit six- '
fingered claws (d).
··0 -·· When parent lizards develop stronger claws through repeated use in catching prey, their
I
offspring can inherit the stronger-claw trait (b).
_._" ._. When parent lizards' claws are underdeveloped because easy food sources are available,
their offspring can inherit their weaker claws (c).
·_·8 ··· Whe n parent lizards learn to catch particular insects, their offspring can inherit their
particular insect-catching-skills (a).
- - Don't know, guessing estimate

Figure 10. Variation Inheritable. Item Option Characteristic Curves for items 7 and 17.
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Items 7 and 17: Variation Inheritable. Basic biological explanations about the flow

of biological information inelude the idea that much of the observed difference between
members of a species is heritable.
All of the distractors in each of these items are principIes of Lamarckian evolution.
Most popular in this topic for students of lower understanding levels appears to be acquired
beneficial physical traits. In both items this idea is most popular among students with levels
of understanding ranging from 40 to 50.
In item 7 the correct answer is the most likely to be chosen at alllevels of
understanding, even among those who guessed. Option d has a hump-shaped line and
becomes slightly more popular than the other distractors for those ofunderstanding between
40 and 50. In item 17 the correct answer is the least likely to be chosen except by those with
an understanding greater than 50. Among the distractors for this item, b becomes the most
popular option in the ability range 30 to 50. It is so popular that students are gravitating
towards it from the correct option, as evidenced by the dip in the trace line for the correct
option.
Perhaps the options in item 17, especially the one about the heritability of acquired
physical traits, were more popular because they were more specific than those in item 7.
Item 7 was much easier for those with a low level of understanding - perhaps because the
correct answer for this item uses the phrase 'genetically determined' to describe traits that are
passed on to offspring. This phrase seems to have given away the correct answer.
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19. According to the theory of natural selection, where did the variations in body size in
the three species of lizards most likely come from?
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Random genetie ehanges and sexual reeombination both ereated new variations (e).
" '0 --·

The lizards needed to ehange in o rder to survive, so benefieial new traits developed (a) .

. -".-. The island environment eaused genetie ehanges in the lizards (d) .
. -.[;).-. The lizards wanted to beeome di fferent in size, so benefieial new traits gradually appeared in
the population (b).
- - Don't know, guessing estimate

6. How did the different beak types first arise in the Galapagos finches?
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- - Changes in the finehes' beaks oeeurred, and when there was a good match between beak
strueture and available food, those birds had more offspring (b) .
.. -<> .-.

' - -1> -'

-- -(3 - - .

The ehanges in the finehes' beak size and shape oeeurred beeause oftheir need to be able to
eat different kinds of food to survive (a).
The ehanges in the finehes' beaks oeeurred beeause the environment indueed the desired
genetie ehanges (e).
The finehes' beaks ehanged a little bit in size and shape with eaeh sueeessive generation,
sorne getting larger and sorne getting smaller (d).

- - Don't know, guessing estimate

Figure 11. Origin of Variation. Item Option Characteristic Curves for items 19 and 6.
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Items 19 and 6: Origin 01 Variation. Random mutations are the ultimate source of a11
genetic variation and sexual reproduction acts to increase the level of genetic variation. Sorne
mutations are beneficial, but most are neutral or harrnful.
In item 19 those of lowest ability favor the Lamarckian explanation that the lizards
adapt because they 'want' to adapt. Had this option been included in item 6 it may have
performed similarly in this understanding range. Up until about the 45 ability level on both
items the trace lines for "Needed mutations occur to allow an organism to survive" follow the
pattern expected for the correct option and eventually hump. At the same time the correct
options follow the monotonically decreasing pattern expected of distractors and eventua11y
dip. In item 19 students of low ability were most likely to choose another teleological
distractor - that organisms change because they "want" to change. These distractors
exemplify the teleological idea of evolution and natural selection. Those choosing
teleological options understand organisms to be evolving toward a goal. This goal is
perfection in the sense that an organism wants to evolve to be perfectly suited to its
environment. Only those with an understanding greater than 55 favor the correct option that
variation's sources are the largely random processes of mutation and sexual reproduction.
This is the second most difficult topic on the test. Both items are very discriminating
to the extent that the way students respond to these items is very much a function of their
understanding of natural selection. Both items are difficult.
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4. In the finch population, what are the primary changes that occur gradually over time?
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--The proportions of finehes having different traits within a population ehange (b).
"--0- " "

Mutations oeeur to meet the needs ofthe tmehes as the environment ehanges (d) .

...... b..... -

Sueeessful behaviors leamed by finehes are passed on to offspring (e).

---s ....

The traits of eaeh tmeh within a population gradually ehange (a).

--Don't know, guessing estimate

13. In guppy populations, what are the primary changes that occur gradually over time?
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--The proportions of guppies having different traits within a population ehange (b).
--"0 --"

Mutations oeeur to meet the needs ofthe guppies as the environment ehanges (d) .

...,,-.... Sueeessful behaviors learned by eertain guppies are passed on to offspring (e).
---s .. ·

The traits of eaeh individual guppy within a population gradually ehange (a).

--Don't know, guessi,"!g estimate

Figure 12. Change in a Population. Item Option Characteristic Curves for items 4 and 13.
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Items 4 and 13: Change in a Population. Members of populations differ from one
another and hence respond differently to selection pressures. The proportions of alleles in
the population change because those more able to withstand selection pressures are more
likely to pass their genes on to more offspring.
Again, these items share a distinctive pattem of trace lines. In this case though, there
is no clear distractor that is most popular among those of lowest understanding until an
understanding level of 35. It is the option that mutations occur to meet the "needs" of the
population. This is the same teleological explanation that was popular in the topics Origin of
Species and Origin ofVariation (items 6, 8,19, and 20). Two Lamarckian misconceptions
are provided as options to each ofthese items, but none ofthem were very popular with the
students. In these two items the preference for teleological evolution is not replaced by the
correct answer except by those with an estimated understanding greater than 60.
This is the most difficult topic in the test, and the steepness of the curves for the
correct answers shows these are the most discriminating items in the CINS. Only those with
a high level ofunderstanding ofnatural selection clearly identify the correct answer. All
items in the CINS are summarized in the cognitive range (figure 13) section that follows this
section.
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Cognitive Range. One way to meet the second research objective - to compare all test
items on a single scale - is by using a display similar to that which Sadler (1998) calls a
cognitive range. The cognitive range graph (Figure 13) is a surnmary of aH ofthe Item
Characteristic Curves. Items are surnmarized by compressing the vertical scale until all 20
items fit on one page. The horizontal axis remains the same. The resulting graph (Figure 13)
displays the option that was most popular at each level of understanding for each item. The
idea is that the relative distance along the x-axis, from where one misconception begins to
predominate in popularity to where the next conception begins to predominate, represents the
knowledge gain required for conception change. It may be the understanding gain required
for the student to stop guessing, or to exchange one misconception for another misconception
or for the correct answer. This distance is represented by horizontal bars. Items on the graph
are paired by topic and ordered by the level of understanding required to prefer the correct
answer. The easiest topic, population stability, appears at the bottom ofthe graph while the
most difficult topic, change in a population, appears at the top of the graph.
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r

,~

9

Limited
Survival

leads to change in
population
leads to change in
population
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Figure 13. Cognitive range of options in CINS items.
Note: For each item the width of the bars represent the range in understanding of natural
selection over which the given response was most likely. Shaded bars represent the range in
understanding of natural selection over which the model predicts students guessed the answer
to a given item. Bars highlighted with a bold border are the correct answer to each item.
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Sorne of the option deseriptions are summarized to the point of obseurity in order to
fit them in the small range of understanding over whieh they were the most popular.
Following are explanations for the summarized option deseriptions:
l. Item 1: "2X" refers to the option that populations double in size before leveling off.
2. Item 2, "sharing and rationing" refers to the option that organisms are able to
eooperate and adjust their food intake so that they never run out of food.
3. 1tem 15, "fighting" refers to the option that organisms fight amongst themselves for
available resourees and the physieally strongest win.
4. Item 9, "looks only" refers to the option that population members vary in their
physieal appearanee only.
5. Items 8 and 20, "same speeies" refers to the option that similar organisms are
different varieties, breeds or raees, but the same speeies.
6. Items 8, 20, 19, 6, 4 and 13 , "need (teleologieal), and "want (teleologieal)" refer to
options in whieh organisms, or groups of organisms, ehange their anatomy,
physiology or behavior beeause they need or want to do so.
7. Item 17, "aequired (Lamarekian)" refers to the option that behaviors or traits
developed or aequired during an organism's lifetime ean be passed on to that
organisms offspring.
The four most diffieult topies in the CINS are how ehange oeeurs in a population,
origin of variation, variation is inheritable, and origin of speeies. This eoneurs with the
Anderson et al. (2002) ranking ofthe CINS topie by diffieulty. AH these topies indude
teleologieal and/or Lamarekian miseoneeptions. These miseoneeptions appeal to students of
relatively high ability and seem to be the basis for these four topies being so diffieult for
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students to grasp. Students with a low level of understanding answered by guessing on most
of the items (exceptions noted in text). Students with an average level of understanding
chose the correct answers to the easier items but ofien showed their teleological and
Lamarckian misconceptions by the answers they chose for the eight most difficult items.
Students with a high level of understanding of natural selection were most likely to choose
the correct answer to all the items.
The cognitive range graph helps to meet the third research objective, which is to
model the order in which students are most likely to learn the concepts of natural selection.
The topics are ordered by how able, in the subject matter, a student must be in order to grasp
them. If these cross-sectional results can be considered indicative of results that might be
obtained were the CINS to be administered to the same students throughout their college
career and afier each biology class they took, then students grasp concepts such as population
stability and biotic potential first, and topics such as origin of variation and change in a
population last.

Local Item Dependencies. The purpose of a conceptual test is to reliably sample
student understanding ofthe subject matter domain being tested. More reliable evidence
about each student's understanding of a given domain can generally be obtained by using two
or more items for each sub-domain rather than just a single item (Linn & Gronlund, 2000;
Zenisky, Hambleton, & Sireci, 2002). However, to obtain this goal the items sampled from
each sub-domain must be inter-correlated. If a student' s answer to one item depends on how
they answered another item in the same test, then a condition called Localltem Dependence
(LID) exists. To the extent that items are locally dependent, the estimation of item
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pararneters, test statistics, examinees' level of understanding, and test statistics are less
precise (Zenisky et al., 2002).
Yen (1993) describes how to detect LID arnong test items by calculating a statistic
called Q2. This statistic as ses ses the significance of the difference between observed and
expected itern responses. All pair-wise combinations of iterns in the CINS were evaluated
for a total of 190 itern-by-itern cornbinations. Alrnost all item pairs had Q2 values greater
than zero, but 52 had values greater than would be expected by chance with a 95% certainty.
Of these 52, sorne had high Q2 values while sorne had Q2 values that were just barely
significant (Figure 14).
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There are at least three possible explanations that account for this result: (a) !tems
paired by topic in the CINS are ofien worded so similarly students may perceive them as the
same item and answer them the same. (b) Items grouped in context dependent item sets all
require an understanding ofthe context display to answer them correctly. In this way all
items in the item set are linked. (c) Teleological and Lamarckian misconceptions are
included in the distractors of at least eight of the test items. Students with these
misconceptions will tend to answer these items similarly. These three concems are discussed
below in more detail.
There are two items for each ofthe ten topics in the CINS. Even though pairs of
items on the same topic are not sequential and refer to different examples, nine out of ten of
these pairs exhibited significant LID. This was not surprising since the item pairs require an
understanding ofthe same topic to answer them. For instance, students who understand that
all populations are capable of exponential size in crease will most likely answer both items on
this topic correctly, while those who think that few populations are capable of exponential
increase will answer both of these items incorrectly. Future research in this area may involve
separating the peculiarities of these paired items from misconceptions of students . This
could be done by looking into how ofien students of various levels of understanding answer
the same on both items in a pair.
Several researchers have shown that items in context dependent item sets are also
likely to be locally dependent since the students' understanding and interpretation ofthe item
set display influences their responses to all of the items which pertain to it (Yen, 1993;
Zenisky et al., 2002). The 20 items in the CINS are grouped into three context-dependent
item sets. !tems 1-8 refer to information on Galapagos finches; items 9-13, Venezuelan
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Guppies; and items 14-20, Canary Island Lizards. Unexpeetedly, relatively little LID was
deteeted within eaeh of these item sets. This indieates that students were able to understand
the item set displays well enough that the patterns in their responses to the items were
predominantly explained by the topies eovered by the individual items.
The eight most diffieult items in the test were all eontained within the following four
topies: variation inheritable, origin of variation, origin of speeies, and ehange in a population.
Ofthe possible 36 pair-wise eombinations ofthese eight items, 32 showed signifieant
amounts of LID. Of the 24 distraetors eontained in these eight items, 18 were versions of
teleologieal (intentional) or Lamarekian (needs based) evolution.
Fortunately, LID is not known to affeet the shape oftraee lines provided by IRT
models (Zenisky et al., 2002). Furthermore, the amount of LID present in item responses is a
matter of degree and there is no eomrnonly agreed upon standard regarding how mueh is too
mueh (Embretson & Reise, 2000; Zenisky et al., 2002). In the present study, the patterns in
the presenee of LID helped bring to light patterns in student miseoneeptions about evolution.
The most interesting pattems appeared between topies, rather than individual items or whole
ítem sets as diseussed aboye. First, the two items regarding limited survival showed a high
degree of dependenee on items regarding natural resourees and those regarding biotie
potential. Underlying eaeh of these three topies is the assumption ínherent in evolution that
more offspring are produeed than can survive given the available environmental resourees.
All three ofthese items were relatively easy for the students to answer eorreetly.
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Discussion and Conc1usions
The CINS allows students to choose explanations for the mechanisms behind
evolutionary events that most c10sely match how they think evolution works. The correct
answers in the CINS were carefully evaluated by the test makers to ensure they were
scientifically accurate with terminology understandable to college students with limited
experience in biology (D. L. Anderson et al., 2002). The average posttest student level of
understanding was 64.5. From the cognitive range graph (Figure 13) it is apparent that this is
higher than that required to identify the correct answer to any of the items in the CINS
without guessing.
When they were not guessing, many of those students with a low level of
understanding (those in the 20 to 40 range) favored the following misconceptions:
1. They understood the biotic potential of natural populations to allow only one
doubling of population size before equilibrium is reached.
2. For a given population facing a shortage offood, these students thought members of
the population would share and ration the food so that alI organisms had an equal
chance for survival.
3. Afier being told about specialization of species to food sources, students in this
ability range favored the misconception that organisms normally fight physically for
the available food and the strongest win.
4. Immediately folIowing an explanation of sorne ofthe predator and mate attraction
implications of bright coloring in male guppies, students in this ability range
preferred the distractor that variation affects appearance but not survival on a
question about variation within a population.
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5. Short descriptions of the differences between finch or lizard species were not
enough to convince students in this ability range that similar organisms are not the

.

same speCIes.
6. Also regarding the origin of species, students of slightly higher ability preferred the
teleological explanation that individuals change because they need too Low-ability
students attributed the origin ofvariation to an organism's desire to change to better
survive in its environrnent.
When interpreting the results of those who scored poorly on the CINS it must be remembered
that students were given extra credit points for simply completing the pre and posttests,
regardless of how well they did on either test. This may have selected for mediocrity and
guessing among test takers. Further research could explore whether students perform better
on the CINS when their performance counts toward their grade in the class.
Many ofthose students with an average level ofunderstanding (those in the 40 to 60
range) favored the following misconceptions:
l. Regarding differential survival, many students in this ability range thought the
strongest and longest-living organisms were the fittest.
2. As among the low ability students, these students also preferred teleological
explanations for the origin of species.
3. Though it was a difficult item, the only misconception that was popular regarding
the heritability of variation was that "acquired" physical traits are heritable. This is
a Lamarckian explanation.
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4. FinaJly, regarding the origin ofvariation and overall changes in populations these
students also preferred teleological explanations. Again, an ability of 1 was
sufficient for a student to prefer the correct answer to any ofthe items in the CINS.
The biggest conceptual obstac1e to achieving a Darwinian understanding of evolution
appears to be the misconception that organisms, or groups of organisms, differ and
differentiate because they need or want too One of the big differences between Darwin' s
explanation of the unity and diversity of life, and explanations of Lamarck and others of
Darwin's predecessors, is that no outside force or direction was required for evolution to
proceed. Heritable variation and overproduction in the presence of environmental limitations
is sufficient to explain the differences in proportions of variants in successive generations,
and in turn the eventual isolation of populations to the point of speciation.
Teleological and Lamarckian explanations are more aligned with the purposefulness
of life found in Christian theology than they are with Darwinian evolution. Over 90% of
BYU students are active members ofThe Church of Jesus Christ ofLatter-day Saints and a11
undergraduates are required to enro11 in both religion c1asses and a general biology class to
complete a bachelor degree. The strong majority of students with Christian beliefs were
thought to have limited influence on the results ofthis study for the following reasons: (a) the
CINS asks students to "Please choose the answer that best reflects how a biologist would
think about each question" (Anderson et al., 2002, p. 976); (b) None ofthe three context
dependent item sets that make up the CINS refer to human evolution; and (c) Bishop and
Anderson found "student conceptions of the process of evolutionary change were not
associated with their belief (or lack of belief) in the truthfulness of evolution" (Bishop &
Anderson, 1990, p. 424). Similar results were found by Sinatra et al., indicating a
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"dissociation of knowledge and acceptance" (Anderson & Krathwohl, 2001; Sinatra et al.
2003 , p. 510). This suggests there is not a close tie between acceptance and understanding of
a concept - even in evolution, which is frequently debated by the general public (Alter s &
Nelson, 2002; Miller, 1999). Future research in this area could include a look at differences
in response pattems among different groups of students. For example students with different
religious or educational backgrounds could be compared.
The fact remains that students with a good understanding of evolution by natural
selection still think in terms of the needs and wants of organisms directing the process with
traits acquired during an organism's lifetime being passed on to its offspring. The
implication for biology instruction is clear: explanations of the mechanisms of evolution, for
example the source ofvariation and variation between members of a population, must give
more treatment to why teleological and Lamarckian explanations are insufficient for
explaining the unity and diversity of Jife. Students can then be guided in the process of
constructing a more scientifically accurate understanding of the process of natural selection.
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